Introduction: Acute respiratory infections (ARI) are the leading cause of pediatric morbidity and mortality worldwide. Information about etiological agents of ARI in developing countries is still limited. Methodology: Throat swabs collected from children hospitalized with ARI between December 2009 and May 2010 were investigated for Chlamydophila pneumoniae, Mycoplasma pneumoniae, and influenza viruses by molecular analyses. Results: This study conducted in Alexandria, Egypt, was designed to determine the prevalence of several microorganisms in 156 children hospitalized with ARI. Overall, samples from 76 individuals (49%) were found to be positive for at least one pathogen, and 10 of them were positive for two agents. C. pneumoniae was the most commonly detected agent, followed by M. pneumonia and H1N1 pandemic influenza virus. Positivity for C. pneumoniae was associated with colder months and mild disease of the upper respiratory tract such as laryngitis. Conclusions: Further studies are needed to identify other possible agents of ARI (e.g., RSV, adenoviruses, other bacterial infections) in this population and to better understand the causal role of atypical bacteria detected in respiratory samples.
Introduction
Acute respiratory infections (ARIs) are classified as upper respiratory tract infections (URTIs) or lower respiratory tract infections (LRTIs) [1] . Several bacteria and viruses are implicated in ARI, and coinfections may also occur. The evaluation of coinfections and of the relative importance of each potential pathogen may contribute to improved understanding of the etiopathogenesis of ARI; however, identifying the etiological agent is challenging, due to frequent unavailability of adequate clinical samples and difficult differentiation between infection and colonization [2, 3] . In particular, the roles of Chlamydophila pneumoniae and Mycoplasma pneumoniae, which are considered causal agents of the so-called atypical pneumonia, in the etiology of ARI are not completely defined, since these organisms are difficult to cultivate from respiratory tract specimens [2, 4] . Furthermore, variability exists among studies in the reliability and interpretation of the results of serological assays. Molecular diagnostic techniques, such as polymerase chain reaction (PCR), which have become useful tools for the etiological diagnosis of LRTIs, may contribute to the identification of these agents and possible co-infections with respiratory viruses.
Little information is available about the etiology of ARI in developing countries, even though it is known that bacterial pathogens appear to play the major role in severe cases of disease [5, 6] . Studies conducted in African countries found a high frequency of infections due to atypical bacteria such as C. pneumoniae and M. pneumoniae; however, different laboratory methods were used to detect different pathogens [7, 8] . We previously investigated the frequency of atypical bacteria and respiratory viruses among children affected by ARI in Alexandria, Egypt; however, the short study period was limited to the end of the flu season [9] . Thus, we planned a study with the aim of investigating the role of atypical bacteria such as C. pneumoniae and M. pneumoniae during the entire influenza season. Here, we report the results of this study.
Methodology

Patients and samples
The study site was the largest pediatric hospital in Alexandria, Egypt. All children presenting to the emergency unit with symptoms suggestive of ARI between the end of December 2009 and May 2010 were eligible for the study. The age range of the patients was between 0 and 18 years. ARI was defined by the presence of fever ≥ 38°C, at least one respiratory symptom (cough, sore throat, nasal congestion, or rhinitis), and at least one constitutional symptom (headache, malaise, myalgia, thrill or sweats, retrosternal pain, asthenia). Throat swabs were collected from each participant using Virocult swabs (Medical Wire and Equipment, Corsham, UK). Information about date of sample collection, gender, age, residence, clinical symptoms, presumed clinical diagnosis, and current therapy was also collected.
The study was approved and carried out under the guidelines of the Ethical Committee of the Medical Research Institute, Alexandria University, Alexandria, Egypt. Informed consent was obtained from the parents/guardians of all participating children.
Laboratory methods
Throat swabs were divided in separate aliquots (100 µL) and stored at −80°C for molecular analyses, which were performed at Istituto Superiore di Sanità, Rome, Italy.
Nucleic acids were extracted from separate aliquots of the clinical samples. The viral RNA was obtained by the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany), in accordance with the manufacturer's instructions. Human influenza type A and type B viruses were identified using previously described methods [10] . For bacterial identification, total DNA was extracted by using the commercial kit Wizard SV Genomic DNA Purification System (Promega, Madison, USA), following the manufacturer's instructions. DNA samples were subjected to real-time PCR for C. pneumoniae or PCR for M. pneumoniae, as previously described [11, 12] .
Statistical analysis
Univariate and multivariate logistic regression models were used to identify factors and clinical signs or symptoms associated with C. pneumoniae infection; ORs (and their 95% confidence intervals) were calculated to estimate the strength of the associations. All the analyses were carried out using STATA 10 (StataCorp, College Station, TX, USA).
Results
During the study period, 156 children were recruited: 104 (66.7%) in December-February, and 52 (33.3%) in April. There was no cases seen in the months of March and May. Of all the patients, 110 (70.5%) were from the urban area of Alexandria, and 46 (29.5%) from neighboring rural areas. The median age of the participants was 1 year (range: 0-18 years), and 88 (56.0%) of them were males.
With regard to clinical presentation, URTI and LRTI were detected in 47 (30.1%) and 103 (66.0%) of the study participants, respectively. The most represented agent was C. pneumoniae (68.6%), while M. pneumoniae (19.8%) and influenza viruses (11.6%) were less represented (Table 1) . C. pneumoniae and M. pneumoniae co-infection was observed in 3.8% of the cases. In addition, co-infection between C. pneumoniae and influenza virus was detected in 2.6% of the cases. The monthly distribution of the cases by etiological agent is presented in Figure 1 .
Results from the univariate analysis are reported in Table 2 . The analysis showed that the risk of C. pneumoniae detection was about 3.94 (1.66-9.33) times higher in February and March than in April. Moreover, children affected by C. pneumoniae were more likely to report laryngitis (OR 13.61, 95% CI: 1.59; 116.68). After controlling for age, sex, living in a rural area, and clinical syndromes, C. pneumoniae remained significantly associated with month of diagnosis (OR: 3.21: 1.25; 8.22). 
Discussion
There is limited knowledge about the microbial agents that play a major role in ARI in North Africa and the Middle East. To fill this gap, we conducted a study during the influenza season among children hospitalized in Alexandria, Egypt. C. pneumoniae was the most commonly detected microorganism in our study population; this finding is consistent with those of a previous study conducted in the same area over a shorter period of time [9] . C. pneumoniae was more likely to be detected in the colder months (from December to March) than in April and was significantly associated with URTIs such as laryngitis. M. pneumoniae was detected in 11% of the samples; in about one-third of the cases, it was associated with C. pneumoniae.
The H1N1 pandemic virus (A/California/2009) was found in only 6% of the samples, consistent with the previous study conducted in Alexandria, where influenza viruses were detected in 5% of the samples. Surprisingly, the highest rate of influenza virus was observed in April, in contrast to the usual trend reported in Europe. In four samples, H1N1 was found in the sample with C. pneumoniae, confirming the occurrence of co-infection between bacteria and viruses. There is little information from other studies conducted in the same area. However, previous studies conducted in Jordan found a high detection rate of RSV and adenovirus but very low rates of influenza virus [13] .
Before drawing conclusions, possible limits and biases of the study should be mentioned. First of all, the identification of the cause of ARI remains challenging, due either to inadequate samples that may lead to false negative results, or to difficult interpretation of positive findings between infection and colonization. Secondly, the low proportion of cases attributable to influenza viruses might be explained by the place of recruitment, since influenza is usually underrepresented in hospital-based studies [14] . In a previous study conducted in the same site, the respiratory syncytial virus was detected in 7% of the samples, representing 8% of all isolates, compared with 5% for influenza [9] . Community-based studies would probably show contrasting results.
In conclusion, C. pneumoniae was the most frequently detected agent of ARI among children recruited in the pediatric hospital of Alexandria; this microorganism was associated with URTI, particularly laryngitis. Low rates of detection of influenza viruses were found. A high proportion of samples tested negative for the three agents under investigation.
Further studies are needed to identify other possible agents of ARI (e.g., RSV, adenoviruses, other bacterial infections) in this population and to better understand the causal role of atypical bacteria detected in respiratory samples.
